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[57] ABSTRACT

The compounds bis (B-carboxyethyl)isobutyl phos-
phine oxide, bis (3-carboxyethyl) sec. butyl phosphine
oxide and bis(B-carboxyethyl)-t-butyl phosphine oxide
and their use as components in the production of fiber-
forming polyamides, fibers produced from said polyam-
ides and a method for the production of various bis
(carboxyalkyl) alkyl phosphine oxides are disclosed.

4 Claims, No Drawings
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BIS(G-CARBOXYETHYL)ISOBUTYL, SEC. BUTYL
AND T-BUTYL PHOSPHINE OXIDE AND
POLYAMIDES CONTAINING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application i1s a continuation-in-part of our co-
pending application, Ser. No. 591,287, filed Mar. 19,
1984, now abandoned.

BACKGROUND OF THE INVENTION

U.S. Pat. Nos. 4,032,517 and 4,092,302 are directed to
fiber-forming polyamides containing phosphorus
wherein the phosphorus is present as radicals of the
formula:

O
I

T CHa7 P CHy
y4

wherein Z is an alkyl radical having 1-4 carbon atoms
and r and s are individually the integers 2 or 3. Fibers
produced from these polyamides are disclosed as exhib-
iting permanent antistatic, moisture transport and flame-
resistant properties. The only compounds specifically
disclosed and exemplified in the above patent, however,
are the methyl and ethyl derivatives, i.e. those deriva-
tives wherein Z is methyl or ethyl.

SUMMARY OF THE INVENTION

It has now been found that when copolyamides are
produced from the compound bis(B-carboxyethyl-
Nsobutyl phosphine oxide, the compound bis(B-carbox-
yethyl)sec. butyl phosphine oxide or the compound
bis(8-carboxyethyl)-t-butyl phosphine oxide, fibers pro-
duced therefrom exhibit less hygroscopicity and more
flexibility than when the monoalkyl radical of the phos-
phine oxide is a methyl or ethyl radical, i.e. than when
Z, above, 1s methyl or ethyl.

It has also been found that various bis(carboxyethy-
l)alkyl phosphine oxides can be produced more cheaply
and with less contaminating salts present therein when
the novel process described hereinbelow is employed in
their production. -

DESCRIPTION OF THE INVENTION
INCLUDING PREFERRED EMBODIMENTS

The instant invention is directed to a compound hav-
ing the formula

O O
I |

R—P[(CH2),C—OH],

wherein R is a sec. butyl, an isobutyl] or a t-buty] radical.
The instant invention also relates to fiber forming
copolyamides consisting essentially of the recurring
units
O O
| |
~C~R;—C—NH—R;—NH—
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-continued
O O
il

|
—“C“CHQCHZ—-I]’—CHQCHQ""C_NH"-RQ—NH'"

O (b)
{

R

wherein R is as described above and Rjand R, individ-
ually, are selected from the group consisting of poly-
methylene of 4-12 carbon atoms, inclusive, m-pheny-
lene and p-phenylene, wherein the copolyamide con-
tains a sufficient amount of unit (b) to provide from
about 0.5% to about 7.0%, by weight, of phosphorus
thereto.

Furthermore, this invention relates to a process for
the production of a compound having the formula:

I I

R3—P—(CH3)2C—OH};

wherein R3 is an alkyl radical having from 2-6 carbon
atoms, inclusive, which process is enumerated by the
following, wherein R4 is an alkyl radical of 1-4 carbon
atoms, inclusive.

RsPH, + 2CH) = CHCOR-EL SR PICHCORD
ﬁ Step 2.

R3PI(CH2)2CO2R4]2 + H20;——>R3P[(CH2)200;R4];
Step 3.

0
I

O
R3PI(CH2)2CO2R4)2 + HQO%RJ’I‘[(CHZ)zCGzle

Step 1 1s carried out in the presence of a free-radical
generating catalyst such as azobisisobutyronitrile, the
acrylate ester being used as a solvent solution in, for
example, inert hydrocarbon solvents such as toluene,
heptane, etc. at a temperature ranging from about 50° C.
to about 110° C., preferably from about 70° C. to about
95° C.

Step 2, oxidation, is conducted at’a temperature rang-
ing from about 50° C. to about 807 C., preferably, from
about 60° C. to about 70° C., utilizing a dilute (e.g.
10-40%) aqueous solution of an oxidizing agent such as
hydrogen peroxide. Reaction is complete in from 1-5
hours. The resulting phosphine oxide is recovered as an
oil by distillation of the solvent and water from the
mixture. | '\

Step 3 comprises hydrolysis of the phosphine oxide
from Step 2 by utilization of a very dilute (i.e. 1-10%)
aqueous acld solution. Sulfuric acid, hydrochloric acid,
etc. may be used. The hydrolysis is conducted at reflux
over a period of 5-10 hours, preferably 6-8 hours. Upon
cooling, the desired product is recovered as a crystal-
line solid. Purification may be accomplished by recrys-
tallization from water.

The copolyamides of this invention may be prepared
by the condensation of difunctional polyamide-forming
reactants, Le. diamines and dicarboxylic acids etc. as
disclosed in the above-cited patents, which patents are
hereby incorporated herein by reference.

In general, unit (a) above is formed by the condensing
of a dicarboxylic acid having the formula:

HO,C(CH>),,CO>H
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wherein n is an integer of 4-12, inclusive, with a di-
amine having the formula:

H>N(CH>),NH>

wherein n 1s as defined above, unit (b) being present
during said condensation reaction and being present in
such quantities so as to result in the formation of a co-
polyamide having from about 0.5% to about 7.0%, by
weight, of phosphorus in the copolyamide polymer 10
chain.

The copolyamides of the present invention provide
fibers with improved processing properties, mechanical
properties (i.e. elongation, modulus of elasticity, etc.)
and are less hydroscopic than fibers prepared from the 15
methyl and ethyl bis(carboxyethyl)phosphine oxides as
one of the components thereof.

The following examples are set forth for purposes of
illustration only and are not meant to be construed as
limitations on the present invention except as set forth in 20
the appended claims. All parts and percentages are by
weight unless otherwise specified.

EXAMPLE 1
Isobutylbis(8-Carboxyethyl)Phosphine Oxide 25

A solution of 688 parts of methylacrylate in 285 parts
of toluene is reacted with 450 parts of 80% 1sobutyl-
phosphine in the presence of 3.9 parts of (azobisisobu-
tyronitrile) initiator at 74°-93° C. for 7 hours. The re- 4,
sulting 1sobutylbis(carbomethoxyethyl)phosphine 1s
oxidized with 600 parts of (10% excess) of 25% aqueous
hydrogen peroxide. The reaction is complete within 2-3
hours at 65° C. and the resultant phosphine oxide is
isolated as an oil following distillation of toluene and 34
water from the mixture. The recovered phosphine oxide
1s hydrolyzed in 4 liters of 5% aqueous sulfuric acid
solution by refluxing over a 7 hour period. On cooling,
the product, 1sobutyl bis(8-carboxyethyl)phosphine
oxide is isolated as a white crystalline solid in 70% yield 49
and purified by recrystallization from water, m.p.

186°-187° C.

EXAMPLE 2
Sec.Butyl Bis(B8-Carboxyethyl)Phosphine Oxide 45

Sec. butylphosphine, 592 parts (85% purity) is re-
acted with 860 parts of methyl acrylate containing 4.9
parts of azobis(isovaleronitrile) at 67°-100° C. for 3.5
hours. The reaction product, sec. butylbis(carbome-
thoxyethyl)phosphine is reacted with 10% molar excess
hydrogen peroxide (25% solution) for two hours at 60°
C. to give the corresponding phosphine oxide. The
latter 1s hydrolyzed with dilute sulfuric acid to give
after recrystallization from water, sec. butyl bis(3-car-
boxyethyl)phosphine oxide.

EXAMPLE 3
T-Butyl Bis(8-Carboxyethyl)Phosphine Oxide

The procedure of Example 1 is again followed except ¢p
that 860 parts of methyl acrylate are reacted with 452
parts of t-butylphosphine. 4.9 Parts of azobis-I1-
isovaleronitrile are used as catalyst. The liquid reaction
product, t-butyl bis(carbomethoxyethyl)phosphine 1is
oxidized to give t-butyl bis(carbomethoxyethyl)phos- g5
phine oxide which is then hydrolyzed. The product,
t-butyl bis(B-carboxyethyl)phosphine oxide is isolated
as an off-white crystalline solid having a m.p. of 174° C.

50

33

4

EXAMPLE 4

Using the procedure of Example 1, isopentyl phos-
phine is reacted at 70°-90° C. with ethylacrylate to give
isopentylbis(carbethoxyethyl)phosphine. The latter is
oxidized with hydrogen peroxide and hydrolyzed with
aqueous dilute hydrochloric acid to give the corre-
sponding acid, isopentylbis(B-carboxyethyl)phosphine
oxide.

EXAMPLE 5

Using a procedure similar to Example 1, hexylbis(/3-
carboxyethyl)phosphine i1s prepared from hexyl phos-
phine and butylacrylate to give the phosphine, followed
by oxidation and acid catalyzed hydrolysis to give the
desired product.

EXAMPLE 6

A mixture of 180 parts of adipic acid hexamethylene
diamine salt and 62.3 parts of bis(3-carboxyethyl)isobu-
tyl phosphine oxide is copolymerized in an autoclave at
200-250 psi under a nitrogen atmosphere at 200°-250°
C. The water condensate is removed and the polymer
melt 1s extruded through a multi-hole spinneret into a
yarn which is drawn into a fiber. The yarn contains
recurring units of the formula:

o 0
«—1=C(CH3)4C—NH(CH)¢NH and

o 0 O ]

| 1l I

C(CH;),P(CH>);— C—NH(CH;)sNH——
1-C4aHg

The fiber i1s not hygroscopic and exhibits excellent flexi-
bility.

EXAMPLE 7

Following the procedure of Example 6, a polyamide
fiber 1s prepared by the copolymerization of 180 parts
adipic acid hexamethylene diamine salt and 68 parts of
bis(8-carboxyethyl)sec. butylphosphine oxide. The
fiber exhibits essentially the same properties of that of
Example 6.

EXAMPLE 38

Again following the procedure of Example 6, a poly-
amide fiber is prepared which contains recurring units
produced from bis(3-carboxyethyl)-t-butylphosphine
oxide. Again the fiber shows enhanced flexibility and is
not hygroscopic.

I claim:

1. A compound having the formula:

R
R—P[(CH2),C—OH]>

wherein R is a secondary butyl radical, an isobutyl
radical or a t-butyl radical.

2. A compound according to claim 1 wherein R 1s a
secondary butyl radical.

3. A compound according to claim 1 wherein R is an
isobutyl radical.

4. A compound according to claim 1 wherein R is a

t-butyl radical.
*x * ¥ : -
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